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AN INPERFRETATION OF DUAL THLZORIES
P, Lamond
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A posgible cennection of dual models with conventional field theories

is presented,

In this shorr note, we present an interprelaticn of dual resonance modeis
which maoy elicii their relation to conventional models,
To each point (x , p ) in J.orentx phase space we asseciate an internal
H

spacc in which motion is generated by the Hamiltonian function

wm+i- m:m m=1,2,
and
(m) () (m) _(n) {m) (n), _ . mn
[qP,O] [p,ol 0,[p,0]—1gpgo ; (2)

+1) is the TLorentz metric.

2

here g = (-1, +1, +1
po

This internal system has a total momentum

P =i P (m) {3)
oL H -

m=o
corresponding to a coordinate
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We call these generalized momentum and coordinate, respectively,
and conss-i der them as generalizations of the usual cancnical coordinates
on which conventional theories are constructed,
The Heisenberg equations of motion

P () = el'rHP c-l'rH (52)
[ K

Q (x) = eiTHQ LmiTI (5b)

[ 1

allow us to introduce the variable =+ which acts as a time variahle for the
internal system. L'or the phygical limit w 0, however, all the frequen-
cies of the internal normal modes becom e integer multiple of w, thereby

enabling us to consider + as a cyclic variable. The interval

(6)

el
A
=
A
+

£l

defines the fundamental cycle of the internal system.,
Then, all physical guaniities are assumed to be the average over the

fundamental cyele of the system of their

L)

generalized counterparts in the

internal space. The average of an opgrator A7) is piven by

7w

< A( ™~ = _‘lo_. d A 7

T) = o + A(T) (N
-mlw
It then follows that

<P (r)> = p(o’ = p (8a)
N n

cq > = g = (5)

, e * n
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arc the physicel momenta and coordinetes, respectively,
This' procedure can he carried over to products ol operators with the
added proviso that these he normal ovdered, except for the Jowest mode.
Hence, the square mass of the physical system is given according to

the correspondence principle

PP = <P (T)><P {v)> —b> <P (7)> : (9)
bR u K

50 that the gencrelization of the Klein-Gordon equation for a dual systern is

{i<P (-r)>:+n12}¢=0 {10}

Use of the Teisenberg eguations of motion and of the definition of the

.

average yvields, in the physical limit © - 0,
o)
= 2
{PHPH + wz na(n)tam) + m } ¢=0 (11)
m=i

, , . . .. 2 nt
which is the well-known form found in the Vencziano model . Here a

) : e . ,
and a( are the creatien and annihilaticn operators, resgpectively. These
p

are given by

a(n) T _ 1 N q(ﬂ) - __1_ P (n) (12a)
& N2 1 P N P
n
(1) 1 (n) i (n)
a Tz Ve o= p (12b
P '\ﬂrz- n 4 P h/'wn J P )

The solutions of the generalized Klein-Gordon equation will in general

contain ghost states which have been introduced by the Lorentz metric.
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We must therefore establish subsidiary conditions that will insurce their

absence in the solutions of Iig., (10). These are conventionally wriiten as

(n) |
h> o= =
plia oo ) 0 n=1,2, {13)
which can e rewritien as
iwnl\ _
<P (1) ><e Pp(?\)> |é> =0 n=1,2,... (14)
P

Howecver, according to our correspondence principle, these become

iwn?\ :
< e PP (N> lé> =0 n=1,2,... (15)

In terms of creation and annihilation operators, they read, in the physical

limit « - 0,
C

[ Z
P £ =1
N +
- '\faz \’E(f-:-n}'a(“'. a(f'n) ]¢> =9 (16)
g=1
n=14,2,...

Thesc are secn to reduce to the equations found to hold by Virasor‘03 in the
special case of unit intercept in the Vencrziano model,

Other operators of interest in the clasgsification of the solutilons of the
gencralized Klein-Gordon equation are the Lorentz generators which we

obtain by means of the correspondence principle -

e X =G <@ {T)> <PU(T}> - iC <Q (T]PU{T)>:(17)

2 g Y
Ya g ane vpo Tn Lupo 3
f { i f I

Their ecxplicit expression is easily derived
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© 1 '
§ xp <> o™ (m}]
€ pvpo [lxppc L, f e %o (18)

We recognize in this expression the orbital and spin parts, which insures
us that the solutions of the Klein-Gordm equation can have arbitrarily high
integral spin.

Although it is difficult to construct the most general solutions of our
I{lein-Gorcion equation which obey the su_bsidiar'y conditions (45), it is clear,
in analogy with the usual free field theories, that these should be expressed

in terms of the super plane waves

iP (A Q (\°
e} u Q)

since

Y L A- X
[@,m. 7 00 ] --Z—gpu(a( mLE 1) (19

We point out, however, that Q's do not commute together at different r's,

which renders the solution of {10) difficult.
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5
The form of the three Reggeon vertex  obtained through factorization

of the Veneziano aniplitude points out to a system in interaction of the form
2 2 2
{(:<P7(r)>: +m} $= r¢ (20)

The Veneziano amplitude would then be the Born term of this new field

theory in the case of scalar external states.
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